A growing world population, changing consumption patterns and climate change are affecting water demands, water scarcity and water quality worldwide, while at present, few companies are incorporating good water stewardship. In order to create awareness on this issue and provide an incentive for companies to improve the water performance in their operations and supply chain, a method for ranking companies based on their water transparency has been developed. The method consists of a checklist that can be completed on the basis of information from annual reports, sustainability reports and websites of companies. This is the first time a ranking of companies regarding water transparency has been carried out. Results show that there are large differences in transparency between and within sectors and that companies are reporting more about their operations than their supply chain.
Introduction
Water scarcity and pollution are major challenges faced by the global society. According to the United Nations Open Working Group on Sustainable Development Goals, the main challenge regarding water is to "ensure availability and sustainable management of water and sanitation for all" [1] .
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This includes, amongst others, the improvement of water quality by reducing pollution, eliminating dumping and minimizing release of hazardous chemicals and materials, halving the proportion of untreated wastewater and increasing recycling and safe reuse. It also requires a substantial increase of water-use efficiency across all sectors, sustainable withdrawals and supply of freshwater to address water scarcity and a substantial reduction of the number of people suffering from water scarcity. In its Global Risks 2015 report, the World Economic Forum identifies water crises as the primary global risk in terms of impact [2] . It is increasingly recognized that the responsibility for wise water governance is not merely a task for governments, but partially relies on the private sector as well [3, 4] . Transparency in how companies relate to issues of water scarcity and pollution and what they do to reduce their impact is thus becoming increasingly important [5] .
Water policies in the 20th century mainly relied on the construction of massive infrastructure like dams, aqueducts and complex centralized treatment plants to meet human demands [6] . Even though these facilities resulted in tremendous benefits for billions of people, they also caused serious and often unanticipated social, economic and ecological costs. Many unsolved water problems remain, and past approaches no longer seem sufficient. There is an increasing need to reduce water demand rather than increase water supply, and to address the issue of continued economic growth that leads to the increasing pressure on water resources [7] . Besides, water availability is being affected worldwide by climate change. Impacts of climate change are experienced by the melting of glaciers and changing patterns of temperature and precipitation, which increase the likelihood of droughts and floods [8] . Climate change thus causes changing patterns of water demand and availability. Unfortunately, the impacts of changing patterns of water availability are neither recognized nor well understood by most businesses [9] . At the same time, the demand for water increases as the world population is growing and patterns of consumption are changing [10, 11] . Besides, water is generally grossly underpriced. Since water is naturally for free and because water itself is not traded, but embedded in the production of goods, there is no market mechanism that puts a price on water [12] . If water users do pay for the water supply, they often pay only for the service of the water supplier or for the costs they make themselves for pumping up the water. The scarcity value and negative impacts that are caused by water use are usually not taken into account. This means that, beyond the relatively small direct payment for water abstraction, water users lack an incentive to consume less water, irrespective of how scarce water can be locally, thus enhancing the problem of water scarcity. Even though freshwater is a renewable resource, since water goes through the hydrological cycle and is naturally replenished in the course of time, it is also finite [13] . When one looks at the available water volume in a certain period, one cannot consume more water than what is available.
In tackling water scarcity and pollution, one of the main goals is that water should be used more efficiently and sustainably. This means that better techniques and practices should be employed so that less water is spilled, water productivities should be increased and water from water-scarce regions should not be depleted. The latter could be achieved by increasing water productivities in water-rich regions, so that pressure is removed from water-scarce ones [14] . What makes the water scarcity problem complicated is that it is often unclear who is responsible and to what extent. The responsibilities of both consumers and companies go beyond their own direct water consumption and pollution.
At present, there are only a few companies in the world incorporating good water stewardship into their policies, while there is an increasing number of companies and organizations that want to make their operations more sustainable and contribute to sustainable development. The Alliance for Water Stewardship has defined water stewardship as "the use of fresh water that is socially equitable, environmentally sustainable and economically beneficial, achieved through a stakeholder-inclusive process that involves site-and catchment-based actions. Good water stewards understand their own water use, catchment context and shared risk in terms of water governance, water balance, water quality and important water-related areas, then engage in meaningful individual and collective actions that benefit people and nature." [15] . Water footprint studies have shown that often by far the largest part of the water use of companies is in their supply chain rather than in their operations [12] . This shows the importance of looking beyond water use in company operations and considering water use in the supply chain as well. Unfortunately, most companies still restrict themselves to their operational water withdrawals, leaving the supply chain out of scope. Besides, by considering water withdrawals they focus on gross water abstraction rather than net water abstraction, which is more relevant from a catchment perspective, because only water flows that are abstracted and not returned are no longer available within the environment for either reuse or maintaining environmental services.
Product and business transparency and water disclosure can help in tackling problems of water scarcity and water quality deterioration. Transparency and disclosure of water-related risks of companies will raise businesses awareness and require enhanced understanding of their issues, risks and opportunities. It could also lead to companies supporting efforts to develop standard measures and performance benchmarks. Furthermore, transparency and disclosure will provide investors, regulators and other stakeholders with better information, raise general awareness of water-related issues and encourage action and dialogue [9] . Transparency on water consumption and pollution along the value chain and good water stewardship fit within the broader challenge of corporate social responsibility or corporate sustainability [16] . Corporate sustainability is generally measured and reported in the form of a wide range of social, environmental and economic indicators [17] . Reporting on freshwater is one of the issues in environmental reporting [18] , but has not been a major focus thus far.
The goal of our research was to develop a method for ranking companies regarding their water transparency and to test this method by applying it to the 75 largest Dutch stock-listed companies in the year 2013. Such a ranking has never been carried out before. The underlying idea is that ranking companies will help to create awareness and provide an incentive for companies to improve their water performance, not only in their operations but also in their supply chain.
Method and Data
The water transparency of a company is defined here as the extent to which a company publicly discloses information about its direct and indirect claim on freshwater resources and about what it does to reduce its claim. We developed a checklist of questions to be completed for each stock-listed company based on publicly available data and a simple scheme to rank companies based on the completed checklists. First, a logical framework for setting up the checklist was developed, by arranging the various sorts of relevant questions into six categories ( Table 1 ). The framework shows that the operations and the supply chain of a company are considered separately. The reason for including the supply chain as a separate area of concern is that often by far the largest part of the water use of companies is in their supply chain rather than in their operations. The supply chain can thus significantly contribute to corporate water risk [19] and, accordingly, needs to be a key area of attention in water stewardship practice [20] . For both operations and the supply chain, three categories of questions were defined: reporting on water use and pollution, reporting on performance and reporting on targets. We thus ended up with six categories of questions. The full checklist of questions was structured along this framework of six categories. The first two categories of questions aim to check how transparent a company is with respect to basic data on water use and pollution in its operations and supply chain. Regarding the reporting on water use and pollution in relation to the company's operations there are nine questions; for the supply chain there are five questions (see Appendix 1). For each question, a number of points (between zero and four) is given based on the score of the company on a ladder of five possible answers, whereby the lowest rung of the ladder (no reporting at all) yields zero points and the highest rung the full four points. The last point is given when reported information has been verified by an external auditor. Without auditing, the maximum number of points per question is three.
The next two categories of questions aim to evaluate the extent to which a company reports about and is aware of its performance, which can be judged by looking at whether comparisons are made with previous years and whether comparisons are made with other companies from the same sector. Accordingly, there are two questions for both operations and supply chain. Again, there are five possible answers that range from worst (no reporting) to best (full reporting plus verification by an auditor). For each question, a maximum of four points can be obtained.
The final two categories of questions aim to evaluate whether a company has targets to improve its water performance. We used the SMART-method to evaluate the clearness of target setting by companies. SMART is a mnemonic acronym, with the letters standing for: specific, measurable, assignable, realistic and time-related. Regarding the time aspect, a distinction was made between the presence of short-term (≤1 year) and long-term targets (>1 year). For each company it is checked whether it has targets regarding four main subjects: total water use, water use per unit of product, total water pollution and water pollution per unit of product. In addition to the questions about the presence of (smartly formulated) targets, questions are included regarding the presence of a program or plan for reaching the targets and the presence of a specific investment scheme to carry out such program or plan. In total, this resulted in 32 questions that needed to be answered with "yes" or "no", both for the operations and supply chain. A "yes" yields 1 point, whereas a "no" gives no points. The full checklist of questions can be found in Appendix 1.
The scores for the six different categories were normalized to a range [0, 1] by equaling zero points to 0 and the maximum possible points to 1. Per company, an overall water transparency score was obtained by aggregating the normalized scores with an equal weight for each category. The maximum score is scaled to 100%, which means a maximum score of 16.7% for each category.
Data used to answer the questions of the checklist consist of annual reports and sustainability reports of 2013 and the websites of the 75 largest Dutch stock-listed companies (see Appendix 2). In the Netherlands, these 75 companies are subdivided based on their size. The 25 largest companies are represented in the Amsterdam Exchange Index (AEX), the companies that rank 26-50 in size are represented in the Amsterdam Midkap Index (AMX) and the ones ranking 51-75 are represented in the Amsterdam Small Cap Index (AScX). There has been no contact with the companies themselves. The companies have been categorized into nine sectors in order to make comparisons between sectors possible as well.
Results
The transparency ranking of the 75 Dutch stock-listed companies is presented in Figure 1 and in Appendix 3. The maximum possible score is 100%. The maximum score for each of the six checklist categories is 16.7%. The scores for the different categories are shown by different colors.
What immediately stands out is that a large number of companies (34 out of 75) had an overall score of 0%. These companies are mainly AMX-and AScX-companies. When looking at the different categories, it can be concluded that companies report much more about their operations than about their supply chain. Especially the reporting on water use and pollution and reporting on performance regarding the operations scored well.
Heineken has the number one position in this ranking, with a transparency score of 43%, followed by Royal DSM (23%), AkzoNobel (21%), ASML Holding (20%) and Unilever (16%). It is remarkable that these top-5 companies belong to three different sectors: Consumer Goods, Basic Materials and Technology. Furthermore, all these companies are AEX-companies.
There are large differences between and within sectors. The different sectors are indicated with the numbers 1-9. Almost all companies from the Consumer Goods and Basic Materials sectors report something about water, but the differences between companies from these sectors are relatively large. Heineken scored 43% while Amsterdam Commodities from the same sector scored 1% and Accell Group 0%. The two companies from the Healthcare sector scored 0%. For all the other sectors, about half of the companies scored higher than 0%. Companies from the same sector could possibly learn from each other in terms of reporting about water and developing a water stewardship strategy. Also, by looking at the full list of questions (see Appendix 1), a company can see the different areas which it can address to improve its score. 
Discussion
In order to get an idea of why the highest score was only 43% out of 100%, which may seem low, each category is examined in more detail. Table 2 shows the maximum scores per category and the number of companies that scored above 0%. The fact that companies scored low with respect to reporting on targets (regarding both operations and supply chain) shows that it is still quite unusual in the private sector to set quantitative time-specific targets to reduce water use and pollution. The absence of benchmarks regarding water use per sector is regretful in this respect, because this would help companies to position themselves and formulate targets to improve. The branch where benchmarks for operational water use have been best developed is the beverage sector [21] . Regarding the supply chain, there is no sector yet that has developed benchmarks. For raw crop ingredients, a first global benchmarking study for water use was carried out recently [22] .
The method of measuring the water transparency of companies as developed and applied here is generic and can be applied for companies of different sizes and from different sectors. It is likely that the method is equally applicable in other countries than the Netherlands. It is fair, however, to note that some type of companies may have a much greater impact on water scarcity and pollution than others. Due to the relatively high water intensity of agriculture-based products, the consumptive water use in the full supply chain of companies like Heineken. Unilever and Royal Ahold (per unit of turnover) is far greater than for companies like Randstad or Grontmij. Water pollution in the supply chain of companies in the oil and gas sector goes far beyond that in the supply chain of companies in the financial services sector. One may thus argue that water transparency for some type of companies is more important than for others.
The financial services sector is a special case if it comes to water transparency. The water transparency ranking developed here focuses on the transparency of a company with respect to its own water use and pollution and that in its supply chain. For investment companies, it is probably more important to consider their transparency regarding how their investments indirectly impact on increasing or reducing water scarcity and pollution. The relevant question is here whether and how they include water sustainability criteria in their investment decisions.
The reason why companies scored low with respect to reporting about their supply chain is that all companies focus on their own operations, which is understandable, since it is harder for a company to get data on and influence its supply chain. 41 of the 75 companies reported something about water and the majority of these companies scored points in all operational categories. The relevance and need to address the supply chain is, however, broadly acknowledged [23] .
For each of the questions regarding the reporting on water use and pollution and reporting on performance, companies can obtain a maximum of four points. The fourth point is given if the reported information has been verified by an external auditor. For instance, the reporting on water use and pollution in the operations contains nine questions, thus 36 points is the maximum score. Nine of these points can be gained if the information that is reported by the company has been verified by an auditor, which is 25% of the total amount of points. Therefore, having (or not having) verification has a considerable influence on the final score. If a company has not got verified anything it automatically misses 25% of the points in four of the six question categories.
The scoring method developed and applied here has some degree of subjectivity; outcomes may be changed with different weighting of the six categories of questions and if different questions were posed. However, it is unlikely that the ranking will be strongly influenced by this, because companies with better scores generally score better over more categories. It is not the case that some companies are strong in reporting on their operations and others on reporting their supply chain. Generally, companies start reporting their operations and the higher-ranking companies start reporting their supply chain as well. A similar thing is true for reporting on water use (first), reporting on performance (second) and reporting on targets (finally). Weighting the categories differently will thus affect the scores in absolute terms, but not the ranking. Yet, whatever measuring and ranking method will be applied, it may be expected that the method will receive criticism from companies listed. Transparency of the scoring method applied is therefore of utmost importance. Full details on how we obtained the scores per company can be obtained through the corresponding author. In the end, the purpose of ranking is to provide insight in how companies perform in terms of water transparency and to provide an incentive to improve.
The method of water transparency ranking developed here could be further developed and applied in the emerging field of corporate water disclosure [5, 9] , but it may also be integrated into frameworks for environmental, social and governance (ESG) risk rating of companies as applied in the investment community [24] .
Conclusions
The goal of this research was to develop a method for ranking companies regarding their water transparency and to test this method by applying it to the 75 largest Dutch stock-listed companies. This was the first time a method for ranking companies regarding their transparency about water use and pollution has been set up and tested. The method consists of a checklist that can be completed on the basis of publicly available information.
In the ranking. Heineken takes the lead with a score of 43% out of 100%, followed by Royal DSM (23%), AkzoNobel (21%), ASML Holding (20%) and Unilever (16%). These top-5 companies are all AEX-companies, but belong to three different sectors. 34 of the 75 companies scored 0%. These companies were mainly AMX and AScX companies.
Companies report much more about their operational use than about their supply chain. The best scores were found for "reporting on water use and pollution" and "reporting on performance" in own operations. The low overall scores may seem disappointing, with 43% being the highest score, but these low scores should not be associated with bad companies or bad reporting skills. The ranking was carried out to see where the Dutch stock-listed companies stand in terms of reporting about water. Corporate awareness regarding water issues is still at its infancy and considering water use and pollution in supply chains is a completely new field for most companies [25] . There is a great room for improvement in the private sector if it comes to understanding and addressing its contribution to water scarcity and pollution. It would be helpful to develop sector benchmarks with respect to water use and pollution in operations and supply chain in order to enable companies to measure themselves against others within the same sector.
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Appendix 1 The Full Checklist of Questions
Operations-Reporting on water use (quantity) and pollution (quality) 1.1: Does the company report about the total volume of water withdrawn? 1.2: Does the company report about its operational blue water footprint (net volume of water withdrawal)? 1.3: Does the company report about its water sources? 1.4: Does the company report about the total volume of water recycled and reused? 1.5: Does the company report about its water efficiency or blue water footprint per unit of product? 1.6: Does the company report about the total volume of water discharged and the discharge destinations? 1.7: Does the company report about the quality of the water discharged and its grey water footprint? 1.8: Does the company report about water pollution per unit of product? 1.9: Does the company report about water risks?
Operations-Reporting on performance 2.1: Does the company compare its performance to a previous (reference) year? 2.2: Does the company compare its own performance to the performance of other companies?
Operations-Reporting on targets
Four subjects for targets regarding the company's operations have been identified and for each company it is checked whether it has targets regarding these four subjects. The four subjects are: total water use, water use per unit of product, total water pollution and water pollution per unit of product. 
Supply chain-Reporting on targets
Four subjects for targets regarding the supply chain have been identified and for each company it is checked whether it has targets regarding these four subjects. The subjects are: total water use, water use per unit of product, total water pollution and water pollution per unit of product. For each subject, the following questions are posed: a: Specific: does the company mention targets for its supply chain? b: Measurable: are the targets quantified? c: Assignable: is it clear who is assigned to realize the targets? d: Realistic: has some progress already been made? e: Time-related: does the report mention targets for the short term (≤1 year)? f: Time-related: does the report mention targets for the long term (>1 year)? g: Does the company mention programs or plans that have been set up for reaching the targets? h: Does the company mention investments that have been made for reaching the targets? 
